The distribution of stress due to hyperbolic notches in an aeolotropic plank under tension or flexure is discussed theoretically when th e plank has two directions of sym m etry a t right angles. N um erical work is carried out using the elastic constants found in experim ents m ade w ith specimens cut in th e L, T plane from spruce wood which is highly aeolotropic. The calculated stresses are used in conjunction w ith m easurem ents of ultim ate strength to determ ine the kind of failure which m ight be expected near notches in a spruce plank under tension.
1.
Most of our information about the effect of notches or cuts made in the edges of an isotropic plate under tension or flexure has been obtained from photo-elastic experiments (see Coker & Filon 1931) . The only problems of this nature which so far seem to have, received exact theoretical treatm ent are those of a semi-infinite tension member bounded by a straight edge which contains a semi-circular notch (Maunsell 1936) , and a plate of very large width with hyperbolic grooves, the plate being under tension or flexure (Neuber 1933 (Neuber , 1934 (Neuber , 1935 )-* The theoretical solution for the latter problem is very simple, and although the problem is slightly artificial it throws considerable fight from the theoretical point of view on the nature of the effect of notches on stress distributions.
I t seems th a t any attem pt to give an exact theoretical account of the effect of notches in the edges of stressed aeolotropic plates is likely to meet with considerable difficulty. In previous papers, however (see references), it has been found th a t the stresses in aeolotropic plates may differ radically from those in isotropic plates, so th a t the application of isotropic results to aeolotropic materials may be very misleading and may in some cases give entirely wrong results. Since a t present no experimental method which is comparable to th a t used in photo-elastic experiments is available for aeolo tropic bodies, it is im portant th a t as many theoretical results as possible should be obtained for aeolotropic materials, especially for the many types of wood which are used in practice.
I t has been found th a t the problems of the stresses due to hyperbolic notches in a very wide plate under tension or flexure have simple solutions for aeolotropic as well as for isotropic materials, and the solutions are given in the present paper.
In Paper I I I of this series the stresses in a spruce tension member con taining a circular hole were found theoretically, and the results were applied in conjunction with measurements of ultimate yield stresses for spruce in order to determine the kind of failure which might be expected near a hole in a highly stressed spruce plank. In the present paper theoretical calcula tions are made for the same specimen of spruce as before, and these results are also combined with the measurements of ultim ate yield stresses in order to estimate the kind of failure which might be expected near notches in a spruce plank under tension. G e n e r a l s t r e s s f u n c t i o n s 2.
Consider an aeolotropic plate which has two directions of symmetry parallel to the co-ordinate axes (
x, plate, is transformed to a suitable region in the £ (= £ + iy) plane by the relation
where (j) is the angle between the tangent to the curve y = constant through any point, and the x-axis. I t has been shown in a previous paper (Green 1945) th a t the stresses in rectangular co-ordinates can be taken to be the real parts of
The stresses in the orthogonal co-ordinates (£, y) are related to the stresses in the cartesian co-ordinates (x, y) by the equations H = aScos20 + ;rysin20+ yysin2^,'| (2) (3) (4) (5) where the real parts only of these expressions are to be used. For some calculations it is useful to observe th at £ | + is given by the real part of & + VV = 4 * 7 i / " ( z + 7i*) + 47 2 9"(z + 72^)-
The region in the 2-plane is supposed to be bounded by two branches of a hyperbola (see figure 3) , and a suitable transformation for such a region is z = csinh£, (2*7)
where y = ± a represent the hyperbolic boundaries. The x-axis is along the line of the arrows in figure 3. If 2 a is the width notches and if p is the radius of curvature of the hyperbola at the bottom of a notch, then a = csina, a/p = tan 2 a. (2*8)
From (2*2) and (2-7) it is found that on the boundary of the plate 2 cosh2 £ cos2 cl C0S ^ cosh 2£ + cos 2a* . sinh 2£ sin 2a sin 2 < j> -2g cos 2 a '
T h e t e n s i o n p r o b l e m 3. Consider the stress system which can be derived from the expressions (7i -7 2)/"(2 + 7 i 2) = ^( l+ 7 2 ) { c 2(l + 2y1cos2a + yf) + (z + y^) 2}-4 '!
These give a total force X in the ^-direction across any section x = constant of the plate, wherê { ( 1 + 7 i ) ( 1 -7 2) 0 2 -( 1 + 7 2 ) ( 1 -7 i )^i } = «^( 7 i -7 2 ) = ^( 7 i " 7 2)» (3 *2 )
1 _y 1 _y ta n^x = y-j-^H ana, ta n^2 = -j-j-^ta n a .
From (2-5) and (3-1) it is found th a t the boundaries ij = ±a are free from applied stress, thatns, £rje -0 and rp)e -0. Also, from (2-6) and (3*1), it is found th a t the edge stress takes the form
where A = 4A(1 -y jy 2) (1 + 7 i) (1 +72) 8in 2 a /a T = 4(7i ~ 7a) U " 7i72) (1 + 7i) (1 + 72) 2a (1+7i)(1-7 2)02-( 1+ 7 2) ( 1 -7 1)^i ' 1
Stresses for an isotropic material, which have been obtained by Neuber (1933) , may be deduced from the above formulae by finding their limit as yx -> y2 0. In particular, it is found th a t _ XT cosh £ _ 4A sin 2a _ 4 tan a e cosh 2^ + cos 2a ' aT ta n a + a (l + tan 2a ) '
T h e f l e x u r e p r o b l e m 4. The stress system to be considered in this section is obtained from the functions
These stresses give a couple M in the plane of the plate, across any section x = constant, where
On the boundaries 9/ = ± a it is found th a t = 0 and 9/9/e = 0 and
Stresses for an isotropic material, which have been found by Neuber (1934 Neuber ( , 1935 , may be deduced by a limiting process. In particular it is found th a t -pM _ 4 sin 2a _ 2 sin 2a ta n 2 a e + (cosh 2£ + cos 2a) a 2 ' ^ M tan a + a(tan2 a -1)' (4-5) W ith these values of the constants the grain of the wood is parallel to the y -axis. I f the values of su and s22 are interchanged (which means a change in sign of y 1 and y 2), then the grain is parallel to the z-axis. The inverses of the constants su , ..., s6 6 are measured in 103kg./sq.mm. The calculations h been confined to a plate containing notches which correspond to a value of a equal to 45°, so th a t p = a.The values of the stresses along t the plate have been evaluated by using formulae (2-4), (2-9), (3-4) and (3-5), and the results are given in table 2. The cross-stress xx at the smallest section of the beam, which may be obtained from (2-3) and (3-1), has also been evaluated and the Results are reproduced in table 3, together with the values of yy.
The distribution of ££ over one-quarter of the edge of the plate is shown in figure 1 for the cases when the grain of the wood is parallel and perpen dicular to the tension. The distribution of | | on the edge of an isotropic sheet is shown for comparison. The distribution of xx along the section of the beam between the notches is shown in figure 2 .
When the tension is applied parallel to the grain it is seen th at the maxi mum stress, which occurs a t the bottom of the notch, rises to 3-5 where T is the average tension across the section of the plate between the notches, but th a t the tensile stress rises only to 1*2 when the tension is applied perpendicular to the grain. In the first case, however, the high tensile 
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te n s io n p a r a lle l te n s io n p e r p e n d ic u la r to g r a in t o g r a in stress occurs only in a very small region along the edge of the plate near the bottom of the notches. I t also extends only a very short distance into the plate as can be seen from figure 2. Very little information is at present available about the conditions of failure in stressed wooden members. In a previous paper (Green & Taylor 1945) an attem pt was made to estimate the type of failure which might be expected near a hole in a highly stressed spruce plank under tension, and it appears to be of sufficient interest to apply the same process to the present problem in order to estimate the type of failure to be expected near a notch in the edge of a spruce plank under tension. For this purpose mea surements of ultim ate yield stresses are needed. These are included in a report by C. F. Jenkin (1920) , and the relevant figures for spruce are given in table 4. These figures, like those given in table 1 for the elastic constants, are average figures taken from the results of experiments with a large num ber of specimens which exhibit considerable variation among themselves.
The method consists in comparing the loads at which failure of the five types contemplated in table 4 might be expected to take place in the neigh bourhood of a notch in a spruce plank under tensile or compressive loads. For this purpose the value of the externally applied tensile or compressive stress T, which would theoretically raise the stress along the edge of the notch to its ultim ate value has been calculated. Four cases are considered:
(i) tension applied parallel to the grain, (ii) compression applied parallel to the grain, (iii) tension applied perpendicular to the grain, (iv) compression applied perpendicular to the grain, and for each case the value of T is calculated for each of the five types of failure referred to in table 4, namely,
(1 a) rupture of the longitudinal fibres, (6) breakdown of the longitudinal fibres in compression, (c) rupture perpendicular to the fibres, (d) breakdown by compression perpendicular to the fibres, (e) shearing rupture parallel to the fibres.
Taking case (i) (a) the stress maximum occurs at the bottom of the notch and is equal to [3] [4] [5] T .From table 4 this corresponds w so th a t the average tensile load necessary to cause breakdown of type (a) m case (1) is y = 18,000/ 3-52 = 51101b./sq.in.
In each case the appropriate maximum positive or negative values of xx, yy, xy have been taken from table 2. The results are given in table 5. (''ten sio n p a r a lle l to t h e lo n g itu d in a l fib re s I c o m p r e s s io n p a r a lle l t o t h e fib re s | ( c o r re s p o n d in g in t h e p r e s e n t w o rk w ith w h e n t h e e x te r n a l lo a d g r a in a n d y wh e n i t is p e r p e n d ic u la r to it) 'te n s io n a c tin g in t h e p e r p e n d ic u la r d ir e c tio n , i.e. p e r p e n d ic u la r to a v e r t ic a l p la n e th r o u g h t h e c e n tr e o f th e tr e e w h e n s t a n d in g v e r tic a lly c o m p r e s s io n in th i s d ir e c tio n (c o r re s p o n d in g w ith yy w h e n th e lo a d is a p p lie d a lo n g th e g r a in a n d 1 x x w h e n a p p lie d p e r p e n d ic u la r to it) ( s h e a r s tr e s s a c ro s s a p la n e p e r p e n d ic u la r to th e ta n g e n t ia l d ir e c tio n 
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shear crack case i region of failure and max. stress cases ii.iii.iv-*■ m ax stress case i F ig u r e 3. P o sitio n s o f fa ilu re fo r te n sio n o r co m p ressio n . The type of failure which might be expected to occur corresponds with the least of the values given in table 5 for each of the four cases. These are indicated in table 5 by heavy type. It will be noticed th at in cases (ii), (iii) and (iv) failure may be expected at the base of the notch, and this is the position of maximum stress. Case (i) is different. Here the type of break down to be expected is by shearing parallel to the grain. The calculated position of the shear cracks is shown in figure 3 . The values of the stresses along the edges of the plate have been evaluated by using formulae (2*4), (2-9), (4-3) and (4*4), and the results are given in table 6. The distribution of ££ over one-quarter of the edge of the
